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(54) Single-Pipe cylinder type reformer 

(57) A single-pipe cylinder type refonner of the in- 
vention includes a plurality of circular cylinders standing 
upright coaxially, a radiation cylinder coaxially arranged 
inside the plurality of circular cylinders, and a burner ar- 
ranged at one end of the center of the radiation cylinder, 
and has a reforming catalyst layer obtained by packing 
with a refomning catalyst at least a first gas flow path 
closest to the burner among a plurality of gas flow paths 
divided by the plurality of circular cylinders and having 
annular cross-sections. A pre-heat layer fonned on one 
end side (upstream) of the reforming catalyst layer 
packed with the refomning catalyst Is packed with a met- 
al packing. Helical dividing means are provided in the 
respective gas flow paths to extend In the axial direction 
of the circular cylinders. The helical dividing means hel- 
ically divide a gas and makes it flow through the first gas 
flow path. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OFT>HE INVENTION: 

[0001] The present invention relates to a single-pipe 
cylinder type refonner for manufacturing a hydrogen- 
rich reformed gas by steam-reforming a hydrocarbon- 
based fuel such as a city gas or LPG and, more partic- 
ularly, to a reformer used in a soiid-state polymer type 
fuel cell. 

DESCRIPTION OF THE PRIOR ART: 

[0002] A ref omner is an apparatus for generating a re- 
fomned gas with a high hydrogen concentration by 
steam-reforming a raw material gas such as a city gas 
or LPG, and is widely used when manufacturing hydro- 
gen used In an optical fiber or semiconductor manufac- 
turing process, a fuel cell, and the like. 
[0003] The steam-reforming reaction perfomned by a 
refomier is an endothermic reaction, and accordingly 
heating is needed to sustain the reaction. Usually, a 
combustor such as a burner is added to the reformer, 
and excessive hydrogen or reformed raw material gas 
from a fuel cell is heated by combusting it with the burn- 
er. As a refomrter for manufacturing a comparatively 
small volume of hydrogen, for example, a single-pipe 
cylinder type reformer as disclosed in Japanese Unex- 
amined Patent Publication No. 11-11901 is known. In 
this single-pipe cylinder type refomner, a heating means 
such as a burner is provided at the center of a cylindrical 
container comprised of two cylinders with a catalyst lay- 
er being stored between them. The catalyst layer is 
heated by the heating means, and a raw material gas 
supplied to the catalyst layer is reformed by steam. 
[0004] The present applicant has previously filed an 
application for a single-pipe cylinder type refomier, a fu- 
el cell using the same, and an operating method for the 
refomier as shown In International Publication No. 
WOOO/63114. 

[0005] When a solid-state polymer type fuel cell is to 
be used in a home or in an automobile, the entire re- 
f omriing device including the single-pipe cylindertype re- 
fomier must be made compact and lightweight. Also, 
various types of improvements must be made, e.g., 
higher-efficient operation must be realized and the start- 
up time at the start of operation must be shortened. 
[0006] For example, the raw material gas must be ef- 
ficiently pre-heated to reduce the fuel. Overheat of the 
steam generator must be prevented to make the refomi- 
er more convenient to use. The reformer must be held 
at the necessary temperature and the quantity of heat 
must be effectively utilized to improve efficiency. Exter- 
nal heat dissipation must be suppressed by an effective 
heat insulating structure. Thennal stress caused by an 
internal temperature difference must be moderated to 



realize a high durability. The heat of reaction must be 
effectively utilized to generate steam efficiently. An op- 
erating method that can efficiently cope with a change 
in operating state is sought for. 
5 [0007] The refomned gas generated by the conven- 
tional single-pipe cylindertype refomier contains about 
10% of CO. When this reformed gas is to be used as 
the fuel for a solid-state polymer type fuel cell, the CO 
concentration must be decreased to about 0.5% by a 
10 CO modifier, and CO selective oxidation must be per- 
fomied by a CO selective oxidizer, so the CO concen- 
tration decreases to about 10 ppm. However, to provide 
a CO modifier and a CO selective oxidizer for this pur- 
pose independently of the single-pipe cylinder type re- 
is former is not preferable in terms of downsizing, high ef- 
ficiency, and start-up perfonnance. 
[0008] In the single-pipe cylinder type refomier dis- 
closed in International Publication No. WO00/63114,too 
much heat is radiated to the outside, and heat is not ap- 
20 propriately supplied to and discharged from the respec- 
tive portions. 

SUMNIARY OF THE INVENTION 

25 [0009] The present invention has been made in con- 
sideration of the above problems in the prior art, and has 
as Its object to provide a single-pipe cylinder type re- 
former which can generate a refomned gas with a tow 
CO concentration, has an efficient, good start-up per- 

30 fomiance, realizes reduction in size and weight, and 
does not emit excessive heaL 
[001 0] In order to achieve the above object, according 
to the first aspect of the present invention, there is pro- 
vided a single-pipe cylinder type refomier Including a 

35 plurality of circular cylinders standing upright coaxlally, 
a radiation cylinder coaxially arranged inside the plural- 
ity of circular cylinders, and a bumer arranged at one 
end of a center of the radiation cylinder, and having a 
refomning catalyst layer obtained by packing with a re- 

40 fonning catalyst at least a first gas flow path closest to 
the burner among a plurality of gas flow paths divided 
by the plurality of circular cylinders and having annular 
cross-sections, wherein a pre-heat layer packed with a 
metal packing is fomied at one end (upstream) of the 

45 refomning catalyst layer packed with the reforming cat- 
alyst. 

[001 1 ] In order to achieve the above object, according 
to the second aspect of the present invention, there is 
provided a single-pipe cylindertype refomier including 

so a plurality of circular cylinders standing upright coaxially, 
a radiation cylinder coaxially anranged inside the plural- 
ity of circular cylinders, and a bumer anranged at one 
end of a center of the radiation cylinder, and having a 
reforming catalyst layer obtained by packing with a re- 

55 fonming catalyst at least a first gas flow path closest to 
the bumer among a plurality of gas flow paths divided 
by the plurality of circular cylinders and having annular 
cross-sections, wherein the single-pipe cylindertype re- 
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former further comprises helical dividing means, ex- 
tending in the first gas flow path packed with the reform- 
ing catalyst In an axial direction of the circular cylinders, 
for helically dividing a gas and making it flow through 
the first gas flow path. s 
[0012] In order to achieve the above object, according 
to the third aspect of the present invention, there Is pro- 
vided a single-pipe cylinder type refomner according to 
the first and second aspects described above, further 
comprising a second gas flow path with an annular io 
cross-section, the second gas flow path being fonned 
outside the reforming catalyst layer packed with the re- 
fonning catalyst, communicating with the ret onning cat- 
alyst layer with one end-side inlet port thereof, and al- 
lowing a gas to flow in a direction opposite to that of a is 
gas flow in the first gas flow path, wherein the other end- 
side outlet port of the second gas flow path Is arranged 
on an outer peripheral side near an inlet port of the pre- 
heat layer, and hePical dividing means extending in an 
axial direction of the circular cylinders is fomied in the 20 
second gas flow path, for helically dividing a gas and 
making It flow through the second gas flow path. 
[001 3] I n order to achieve the above object, according 
to the fourth aspect of the present invention, there is pro- 
vided a single-pipe cylinder type reformer according to 25 
the first or second aspect described above, further com- 
prising 

a second gas flow path with an annular cross-sec- 
tion, the second gas flow path being fonned around 30 
the refomriing catalyst layer packed with the refomi- 
ing catalyst, communicating with the reforming cat- 
alyst layer with one end-side inlet port thereof, and 
allowing a gas to flow In a direction opposite to that 
of a gas flow In the first gas flow path. 35 
a third gas flow path with an annular cross-section, 
the third gas flow path being fomned around the sec- 
ond gas flow path, communicating with the other 
end-side outlet port of the second gas flow path with 
one end-side inlet port thereof, allowing a gas to 40 
flow in a direction opposite to that of a gas flow in 
the second gas flow path, and being provided with 
dividing means and a CO modifying catalyst layer 
therein, 

afourth gas flow path with an annular cross-section, ^5 
the fourth gas flow path being formed around the 
third gas flow path, communicating with the other 
end-side outlet port of the third gas f k>w path with 
one end-side inlet port thereof, allowing a gas to 
flow in a direction opposite to that of a gas flow in so 
the third gas flow path, and being provided with a 
CO selective oxidation catalyst layer therein, and 
a heating channel which serves as a raw material 
gas flow path fomied between the third and fourth 
gas flow paths, has an inlet port at one end side ss 
thereof, and allows a raw material gas in the fourth 
gas flow path to flow in a direction opposite to that 
of a gas flow in the fourth gas flow path and to re- 



verse near one end of the fourth gas flow path, and 
allows the raw material gas in the third gas flow path 
to flow in the same direction as that of a gas flow in 
the fourth gas flow path. 

[001 4] in order to achieve the above object, according 
to the fifth aspect of the present invention, there is pro- 
vided a single-pipe cylinder type reformer according to 
the first or second aspect described above, further com- 
prising 

a second gas flow path with an annular cross-sec- 
tion, the second gas flow path being formed around 
the refomiing catalyst layer packed with the refonn- 
ing catalyst, communicating with the refomriing cat- 
alyst layer with one end-side inlet port thereof, and 
allowing a gas to fk)w in a direction opposite to that 
of a gas flow in the first gas flow path, 
a third gas flow path with an annular cross-section, 
the third gas flow path being fonned around the sec- 
ond gas flow path, communicating with the other 
end-side outlet port of the second gas flow path with 
one end-side inlet port thereof, allowing a gas to 
flow In a direction opposite to that of a gas flow in 
the second gas flow path, and being provided with 
a CO modifying catalyst layer therein, 
afourth gas flow path with an annular cross-section, 
the fourth gas flow path being fonned around the 
third gas flow path, communicating with the other 
end-side outlet port of the third gas flow path with 
one end-side inlet port thereof, allowing a gas to 
flow in a direction opposite to that of a gas flow in 
the third gas flow path, and being provided with a 
CO selective oxidation catalyst layer therein, 
a heating channel which serves as a raw material 
gas flow path fonned between the third and fourth 
gas flow paths, has an inlet port at one end side 
thereof, and allows a raw material gas in the fourth 
gas flow path to flow in a direction opposite to that 
of a gas flow In the fourth gas flow path and to re- 
verse near one end of the fourth gas flow path, and 
allows the raw material gas in the third gas flow path 
to flow in the same direction as that of a gas flow in 
the fourth gas flow path, 

an annular mixing chamber to be connected to an 
air supply pipe on an upstream side of the fourth 
gas flow path, 

a discharge port for guiding to the mixing chamber 
the gas that flows into the fourth gas flow path, 
an annular inflow chamber into which a reformed 
gas mixed with air flows through one inlet port so 
as to be guided to a starting tenntnal of the CO se- 
lective oxidation catalyst layer, and 
an inflow port for allowing the inflow chamber and 
the starting temninal of the CO selective oxidation 
catalyst layer to communk^ate with each other, 
wherein 

axial lengths of the third and fourth gas flow paths 
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are shorter than those of the first and second gas 
flow paths, and a second CO modifying catalyst lay- 
er is formed on an upstream side of the fourth gas 
flow path. 

[001 5] In addition to the five aspects descn'bed above, 
the present invention has the following several auxiliary 
aspects. 

[001 6] Helical dividing means extending in an axial di- 
rection of the circular cylinders is provided in the pre- 
heat layer and the refonning catalyst layer so that a gas 
helically flows through the first gas flow path. 
[0017] The helical dividing means is comprised of a 
plurality of helical fins or a plurality of helical round rods 
that divide the gas flow paths into sectors in cross-sec- 
tions thereof. 

[0018] The dividing means fonrted in the second gas 
flow path is comprised of a plurality of round rods that 
divide the second gas flow path into sectors In a cross- 
section thereof. 

[001 9] The dividing means fonned in the third gas flow 
path is comprised of a plurality of fins fixed to an inner 
circular cylinder that fomns the third gas flow path, so as 
to divide the third gas flow path into sectors in a cross- 
section thereof. 

[0020] An outer circumferential wall of the CO selec- 
tive oxidation catalyst layer is formed inside an outer cir- 
cumferential wail of the fourth gas flow path, and a space 
fonned between the outer circumferential wall of the 
fourth gas flow path and the outer circumferential wall 
of the CO selective oxidation catalyst layer and divided 
from the mixing chamber serves as a cooling flow path 
where a cooling fluid flows. 

[0021] A dividing member is provided in the cooling 
flow path to divide the cooling flow path helically. 
[0022] The cooling fluid to be supplied into the cooling 
flow path is supplied to flow in a direction opposite to a 
flowing direction of a gas to be supplied into the CO se- 
lective oxidation catalyst layer. 
[0023] Combustion air to be combusted by the burner 
or an OFF gas discharged from a fuel pole of a fuel cell 
is used as the cooling fluid. 

[0024] According to the present invention having the 
above aspects, the following very excellent effects can 
be obtained. 

[0025] Since the pre-heat layer having the packing is 
fonmed in the preceding step to the refonning catalyst 
layer, a raw material pre-heater becomes unnecessary, 
agitation can be perfomied efficiently, and the quantity 
of heat consumption can be decreased. 
[0026] Since the inlet port of the pre-heat layer and 
the outlet port of the flow path are close to each other, 
the temperature of the outlet port of the flow path can 
be decreased, and the refonning catalyst layer and the 
CO modifying catalyst layer can be directly connected. 
[0027] Since the interiors of the pre-heat layer, re- 
fonning catalyst layer, and other flow paths are helically 
fonned by fins or the like, a unifonn temperature distri- 



bution can be obtained and the heat recovery efficiency 
can be improved, so the temperature of the outlet port 
can be set to a desired value. 
[0028] Since the heating channel is fomned between 

s the CO modifying catalyst layer and the CO selective 
oxidation catalyst layer, the refomrier can be integrally 
fonned to include the CO selective oxidation catalyst 
layer. Since the reaction heat of the CO modifying cat- 
alyst layer and CO selective oxidation catalyst layer can 

10 be recovered, the efficiency can be improved. Also, an 
undesirable side reaction can be suppressed. 
[0029] Since the wall surface of the flow path and that 
of the CO modifying catalyst layer are formed separately 
and a gap Is fonned between them, heat insulation be- 

15 tween these wall surfaces is Improved, the recovery ef- 
ficiency in the flow path is improved, temperature in- 
crease of the CO modifying catalyst layer can be sup- 
pressed, and any heat stress acting between these wall 
surfaces can be avoided. 

20 [0030] Gas and air can be unifonnly mixed in the mix- 
ing chamber, so a hydrogen loss can be decreased. 
[0031] Since the reforming water can be evaporated 
by the heating channel fonned between the CO modify- 
ing catalyst layer and CO selective oxidation catalyst 

25 layer, a boiler can be formed without using a fuel. Also, 
a sufficiently high cooling ability for the CO modifying 
catalyst layer and CO selective oxidation catalyst layer 
can be obtained. 

[0032] Since the concentration of the carbon monox- 

30 ide In the refomied gas can be decreased to a prede- 
termined value or less, the refonnercan be used as a 
hydrogen generator for a solid-state polymer type fuel 
cell, thus forming a compact, highly efficient fuel cell. 
[0033] Since the flow path fonned of the CO modifying 

35 catalyst layer and CO selective oxidation catalyst layer 
is shortened to be shorter than an opposing flow path, 
excessive temperature increase of the CO modifying 
catalyst layer can be prevented. Since the CO modifying 
catalyst layer is held at an appropriate temperature, the 

-^0 reaction Is not interfered with. 

[0034] Since the packing Is packed In the pre-heat lay- 
er, heat radiation from Inside the refonner is prevented 
to increase the heat efTiciency, and the respective por- 
tions can be appropriately heat-Insulated and held at ap- 

45 propriate temperatures. 

[0035] Since the CO modifying catalyst layer is 
formed downstream of the flow path, the temperature of 
the CO modifying catalyst layer can be Increased quk;k- 
ly, the reaction of the CO modifying catalyst layer can 

50 be perf onned immediately after operation is started, and 
the start-up operation of the refonnercan be quickened. 
[0036] Since the refomied gas passing through the 
CO modifying catalyst layer and air can be agitated suf- 
ficiently, reaction in the CO selective oxidation catalyst 

55 layer can be perfonned reliably without any loss, so the 
hydrogen generating efficiency of the reformer can be 
improved. 

[0037] The above and many other objects, features 
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and advantages of the present Invention will become 
manifest to those skilled In the art upon making refer- 
ence to the following detailed description and accompa- 
nying drawings in which preten-ed embodiments incor- 
porating the principle of the present invention are shown 
by way of illustrative examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

Fig. 1 is a longitudinal sectional view showing the 
schematic arrangement of a single-pipe cylinder 
type refomfier according to an embodiment of the 
present invention; 

Fig. 2 is a partial cross-sectional view of the single- 
pipe cylinder type refomner according to the embod- 
iment of the present Invention; and 
Fig. 3 is a partial side view of the single-pipe cylinder 
type refomier according to the embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0039] A single-pipe cylinder type ref onner according 
to a prefen-ed embodiment of the present invention will 
be described with reference to the accompanying draw- 
ings. 

[0040] Fig. 1 shows the schematic arrangement of a 
single-pipe cylinder type retomier In the following de- 
scription, a single-pipe cylinder type reformer, the re- 
spective cylinders of which stand vertically and the burn- 
er of which is attached to one end (an upper portion in 
Fig. 1) of the refonner. as shown in Rg. 1, will be de- 
scribed as an example. 

[0041 ] A refonner 2 is constituted by a plurality of cyl- 
inders comprised of first to ninth cylinders 61 to 69 
mounted coaxially, ring-shaped gaps fornied between 
the respective cylinders, a bumer 18 mounted on the 
side of one end of the first cylinder 61 and at the center 
thereof, a refomiing catalyst layer 8, CO modifying cat- 
alyst layer 1 0 (to be refered to also as a shift layer 1 0 
hereinafter), and CO selective oxidation catalyst layer 
12 (13)(to be referred to also as a PROX layer 12 (13) 
hereinafter) arranged in spaces fonned by the respec- 
tive cylinders, and the tike. 

[0042] The refonner 2 has a water supply port 20, a 
combusted exhaust gas outlet port 24, a raw material 
gas supply port 26, a reformed gas outlet port 28, and 
PROX air supply ports 30 and 32 in its side surface. 
[0043] A cylindrical heat transfer partition wall 14 (ra- 
diation cylinder) is arranged inside the first cylinder 61 
to be coaxial with It while leaving an appropriate gap 
around and under the partition wall 14. This gap serves 
as an exhaust flow path 80. 
[0044] The exhaust flow path 80 is connected at its 
upper portion to the combusted exhaust gas outlet port 



24 so that the exhaust gas combusted by the bumer 1 8 
is allowed to flow to be exhausted from It. The bumer 
18 is attached inside the heat transfer partition wall 14 
through a bumer base 16. A water heating channel 34 

5 communicating with the water supply port 20 is fomned 
between the exhaust flow path 80 and bumer base 16. 
[0045] The water heating channel 34 is connected to 
a raw material gas supply path 27 through a connecting 
pipe 25 fonned at a position opposing the supply port 

10 20, and the supply path 27 Is connected to the raw ma- 
terial gas supply port 26. 

[0046] The relationship among the respective adja- 
cent cylinders will be described. 
[0047] A first gas flow path 51 with a predetemiined 

IS width is formed between the first and second cylinders 
61 and 62. A portion above the first gas flow path 51 is 
a pre-heat layer 51a, and a portion under the pre-heat 
layer 51a is the reforming catalyst layer 8. Four heat 
transf erf ins 9 are provided between the first and second 

20 cylinders 61 and 62 to extend radially from the first cyl- 
inder 61 toward the second cylinder 62, so as to helically 
sun'ound substantially the entire circumference of the 
first cylinder 61 , as shown in Fig. 3. The four fins 9 hel- 
ically divide the first gas flow path 51 between the first 

25 and second cylinders 61 and 62. Fig. 2 shows a cross- 
sectional view. When the fourfins 9 are used in this man- 
ner, four sector>like flow paths are formed. The helical 
fins 9 need not sum)und the entire circumference of the 
first cylinder 61 . The number of fins 9 is not limited to 4 

30 but can be between about 1 and 20. 

[0048] The pre-heat layer 51 a communcates at its 
upper portion with a heating channel 48 connected to 
the raw material gas supply path 27. A raw material gas 
and water (steam or the like) flow into the pre-heat layer 

35 51a through the heating channel 48. The pre-heat layer 
51a is packed with a metal packing with a high heat 
transfer coefficient and predetermined shape. When the 
gas and the like pass through the interior of the pre-heat 
layer 51a, the pre-heat layer 51 a heats them. The fins 

40 9 transfer the heat of the exhaust flow path 80 to the 
pre-heat layer 51 a and swiri the gas flow in the pre-heat 
layer 51a so as to mix the gas efficiently. 
[0049] The metal packing that is packed in the pre- 
heat layer 51a will be described briefly. When conven- 

45 tionaliy used ceramic bails such as alumina balls and a 
metal packing such as SUS are compared, the metal 
packing has a heat transfer performance about ten 
times larger than that of the ceramic baits. The heat 
transfer area can accordingly be decreased, so that a 

50 fuel processor such as a refonner can be downsized. 
[0050] To increase the heat transfer effect of a heat 
fluid, the agitating effect may be increased in addition to 
the heat transfer performance. The more the heat gas 
flowing in the pre-heat chamber causes a turbulent flow, 

55 the higher the heattransf er effect becomes. For this rea- 
son, the shape of the packing to be packed in the pre- 
heat layer 51 a varies, e.g., a saddle shape, a macaroni- 
like shape, and a mesh-like shape, in addition to a basic 
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spherical shape. While the manufacturable shape of the 
ceramic packing is limited due to the strength, if a metal 
packing the shape of which is controllable is employed, 
a shape which has a larger surface area and can cause 
a turbulent flow more easily than the ceramic packing 
with the same area does can be obtained easily. 
[0051] A large surface area can mean a large void (a 
space not occupied by a bulk such as a metal). Thus, 
the weight can be decreased accordingly, and the heat 
capacity of the packing can be decreased. If the heat 
capacity is small, the time required for heating the pack- 
ing at the start-up of the refonmer shortens, so the start- 
up performance is improved. For example, the void is 
85% to 98% on the higher side, and the void of the pack- 
ing used in the present invention is 96.8%. The void of 
the ceramb packing such as an alumina packing is 
about 60% to 70%. 

[0052] The only drawback of the metal packing is that 
its material is rather expensive. This makes an issue as 
increasing the cost of material in a large plant having 
such a basic manner as continuously operated when the 
metal packing is to be used, because it is less important 
for the large plant to improve a capability for dealing with 
set-up operation and load variation thereof. On the other 
hand, the refomner of the present Invention is a home- 
use plant of about 1 kWe dass. Therefore, it Is neces- 
sary to perfomn a set-up/stop operation of the refomner 
one or two times a day, and further it is very important 
to improve the capability for dealing with load variation 
in accordance with a life pattern. Thus, it is very effective 
to adopt the material of the metal packing. 
[0053] The reforming catalyst layer 8 is packed with 
a reforming catalyst for steam-reforming the raw mate- 
rial gas. The first gas flow path 51 fomied with the re- 
fonnlng catalyst layer 8 opens, at the lower portion of 
the refomner 2, to a space fonmed between a bottom 
plate 71 of the first cylinder 61 and a bottom plate 73 of 
the third cylinder 63. The gap between the bottom plates 
71 and 73 is fonned so as to allow a stress generated 
at the time when the cylinders 61 , 62 and 63 are respec- 
tively elongated by heat. Further, it also serves as a 
heat-insulating layer against the flame of the burner 18. 
[0054] Furthermore, the fins 9 are provided to the first 
gas flow path 51 fomned with the reforming catalyst layer 
8, as described above. Thus, the heat of the exhaust 
flow path 80 is transfered to the interior of the reforming 
catalyst layer 8. Because of the flow paths helically 
f omned by the fins 9, the temperature difference is small, 
so that a reforming reaction occurs efficiently. 
[0055] A second gas flow path 50 with a predeter- 
mined width is fonned between the second and third cyl- 
inders 62 and 63, and is helically divided by four round 
rods 81 . Hence, when the gas released from the reform- 
ing catalyst layer 8 flows through the second gas flow 
path 50, its heat is transferred to the reforming catalyst 
layer 8 through the second cylinder 62 to heat It, and the 
temperature difference of the passing gas and the re- 
forming catalyst layer 8 in the circumferential direction 



can be eliminated. 

[0056] A gap is formed between the third and fourth 
cylinders 63 and 64. An insulator 53 is packed in this 
gap to reduce heat transfer. 
s [0057] A third gas flow path 52 with a predetemnined 
width is fonned between the fourth and fiftii cylinders 64 
and 65. The shift layer CO (CO modifying catalyst layer) 

10 packed with a CO modifying catalyst is formed in the 
third gas flow path 52. A CO modifying reaction takes 

10 place In the shift layer 1 0. As shown in Fig. 2, 1 6 fins 1 1 
are fonned in the shift layer 1 0 to be parallel to the axial 
direction. Each fin 11 is fixed to the fourth cylinder 64 
and is directed to the fifth cylinder 65 with Its other end, 
so that the internal temperature of the shift layer 10 is 
uniformed. Alternatively, the fins 1 1 may be fonned hel- 
ically to forni helteal flow paths, and the number of fins 

11 is not limited to 16. 

[0058] The upper portion of the shift layer 1 0 commu- 
nicates with the second gas flow path 50, and the lower 

20 portion thereof communicates with the first PROX layer 
(CO selective oxidation catalyst layer) 12 fonned be- 
tween the seventh and eighth cylinders 67 and 68. 
[0059] The first PROX layer 12 is packed with a CO 
selective oxidation catalyst, and causes an oxidation re- 

25 action that decreases the CO content to the order of 
ppm. The f ourtii cylinder 64 is connected at Its lower por- 
tion to the bottom of the ninth cylinder 69. A heating 
channel 48 with the sixth cylinder 66 therein is formed 
between the fifth and seventh cylinders 65 and 67. The 

30 raw material gas supplied from the raw material gas sup- 
ply port 26 and water supplied from the water supply 
port 20 are heated when passing through the heating 
channel 48, and are sent to the pre-heat layer 51 a. Four 
round rods 82 are formed spatially helically In the outer 

35 flow patii of the heating channel 48, to divide the flow 
patiis such that they extend helically to surround sub- 
stantially the entire circumference of the heating chan- 
nel 48. 

[0060] The first PROX layer 1 2, a second PROX layer 

40 1 3, first and second mixing chambers 42 and 46 for mix- 
ing the gas and air and supplying the mixture to the first 
and second PROX layers 12 and 13, and the like are 
fonned between the seventh and ninth cylinders 67 and 
69. The shift layer 1 0 is fonned, under a screen 31 , in 

^5 the lower portion of the space between the seventh and 
ninth cylinders 67 and 69. Eight discharge ports 33 are 
fonned In the screen 31 in the circumferential direction 
and communk^ate witii the first mixing chamber 42. The 
first mixing chamber 42 is connected to the first air sup- 

50 ply port 32. Air is supplied to the first mixing chamber 
42 through the first air supply port 32 and is mixed with 
the gas from the shift layer 1 0. 
[0061] The first mixing chamber 42 communicates 
with a chamber 44, fomied between the seventh and 

55 eighth cylinders 67 and 68, through one inlet port 35 
formed in the side surface of the eighth cylinder 68. The 
chamber 44 is fonmed outside the seventii cylinder 67 
in the circumferential direction, and communicates with 
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the first PROX layer 12 through eight inflow ports 37 
formed In a screen 36. 

[0062] The first PROX layer 12 communicates with 
the second mixing chamber 46 through eight outflow 
ports 38 formed in the side surface of the eight cylinder 
68. The second mixing chamber 46 communicates with 
the second air supply port 30. and then to a chamber 
45, fomried between the seventh and eighth cylinders 
67 and 68, through one second inlet port 39 fomied In 
the side surface of the eighth cylinder 68. The chamber 
45 is formed in the circumferential direction, and com- 
municates with the second PROX layer 1 3 through eight 
second inflow ports 49 formed in a screen 47. The sec- 
ond PROX layer 13 communicates with the reformed 
gas outlet port 28 through eight second discharge ports 
55 fonned In the side surface of the eighth cylinder 68. 
[0063] The number of discharge ports 33 and the like 
is not limited to 8. The diameters of the discharge ports 
33 and the like can be changed In accordance with the 
distance from the hole 35 and the like, so a uniform 
amount of gas flows into the first mixing chamber 42 
even if a pressure difference exists in it. The discharge 
ports 33 need not be holes but can be metal mesh-like 
members. The hole 35 and the like need not be one hole, 
but can be a plurality of small holes, and the gas may 
form a swirling flow or may be injected in an oblique di- 
rection in order to promote mixing. 
[0064] The reformed gas outlet port 28 Is connected 
to the fuel gas supply port of, e.g., a solid-state polymer 
type fuel cell (not shown). The reformed gas (fuel gas) 
obtained from the reformed gas outlet port 28 and con- 
taining a predetennined concentration of hydrogen Is 
supplied to the fuel pole of the solid-state polymer type 
fuel cell, so that power generation is performed. The 
OFF gas from the fuel pole of a solid-state electrolytic 
fuel ceil may be used as a gas to be combusted by the 
burner 18. 

[0065] A cooling flow path 57 with an interior helically 
fonmed by round rods 83 is provided downstream the 

second mixing chamber 46. Combustion air inflow and 
outflow ports 59a, 59b are connected to the cooling flow 
path 57. Combustion air enters through the inflow port 
59a and flows out through the outflow port 59b. Hence, 
the in-flow combustion air is heated and the second 
PROX layer 13 is cooled. 

[0066] The operation of the reformer 2 will be de- 
scribed. 

(1) Start-Up Operation 

[0067] First, refomning water is supplied through the 
water supply port 20, and the bumer 1 8 is ignited to heat 
the interior of the refomner 2. When the interior of the 
refonner 2 is heated by the burner 1 8, radiation heat of 
the flame heats the heat transfer partition wall 14. The 
combusted exhaust gas passes between the heat trans- 
fer partition wall 14 and first cylinder 61 and is exhausted 
through the combusted exhaust gas outlet port 24, so 



the inlet portion for the raw material gas to the refonning 
catalyst layer 8, the refomning catalyst layer 8, the pre- 
heat layer 51a, and the water heating channel 34 are 
heated from the inside. 

s [0068] After being heated to a predetemii ned temper- 
ature, the supplied water passes through the connecting 
pipe 25, and is mixed with the raw material gas supplied 
through the raw material gas supply port 26. The mixture 
flows through the heating channel 48 downward and re- 

10 verses its direction at the lower portion to flow upward. 
[0069] In this manner, through combustion with the 
bumer 1 8, a temperature and steam necessary for start- 
up of the reformer 2 can be obtained within a compara- 
tively short period of time. By passing the combusted 

IS exhaust gas of the bumer 1 8 between the heat transfer 
partition wall 14 and first cylinder 61, heat contained in 
the combusted exhaust gas can be absort}ed and dis- 
charged. Thus, the heat is utilized effectively, improving 
the efffciency. 

20 [0070] The raw material gas is hydrocarbon-based fu- 
el such as city gas. When the raw material gas is sup- 
plied through the supply port 26, it passes through the 
heating channel 48 between the fifth and seventh cylin- 
ders 65 and 67 together with the steam, and Is sent to 

25 the pre-heat layer 51a. Meantime, since the tempera- 
tures of the shift layer 1 0 and PROX layer 1 2 in contact 
with the heating channel 48 are tow, the steam and raw 
material gas heat the shift layer 10 and PROX layer 12. 
[0071 1 When the raw material gas enters the pre-heat 

30 layer 51 a, as the packing that is packed in the pre-heat 
layer 51 a is heated by heat from the bumer 1 8, the raw 
material gas absortjs this heat and Is heated to a pre- 
detennined temperature, necessary for the refonming 
reaction, or more, and enters the refonning catalyst lay- 

35 er 8. Since more raw material gas and steam with low 
temperatures are continuously supplied to the pre-heat 
layer 51a, the temperature of the pre-heat layer 51a 
near its Inlet port can be suppressed low. When the raw 
material gas entering the reforming catalyst layer 8 is, 

40 e.g., methane gas, it is reformed by the following reac- 
tion: 

CH4 + H20->CO + 3H2 

45 

[0072] As the refonning reactron by the refomilng cat- 
alyst layer 8 Is an endothemiic reaction, reaction pro- 
ceeds while the reforming catalyst layer 8 absorbs the 
combustion heat of the bumer 18. More specifically, 

50 when the combusted exhaust gas of the bumer 1 8 pass- 
es through the exhaust flow path 80 between the heat 
transfer partition wall 14 and reforming catalyst layer 8, 
heat of the combusted exhaust gas is absorbed by the 
reforming catalyst layer 8, and a reforming reaction 

55 takes place In the reforming catalyst layer 8 while ac- 
companying temperature Increase. When the reaction 
almost reaches an equilibrium, the refonned gas Is re- 
leased from the lower portion of the reforming catalyst 



13 



EP1 197 261 A2 



14 



layer 8, reverses Its direction at the lower end, and en- 
ters the second gas flow path 50. 
[0073] TTie round rods 81 are helically formed in the 
flow path 50 and the reformed gas rises helically; they 
perform heat exchange with the reforming catalyst layer 
8 as there is no temperature difference in the circumfer- 
ential direction. The upper end of the second gas flow 
path 50 is in contact with the pre-heat layer 51 a where 
the reraw material gas and steam with comparatively 
low temperatures enter. Thus, the temperature of the 
gas is further decreased, so the gas Is released from the 
upper portion of the second gas flow path 50 at a tem- 
perature appropriate for the CO modifying reaction, is 
reversed in its direction, and enters the shift layer 10. 
10074] In the shift layer 1 0, the following CO modifying 
reaction takes place: 

CH + H20^C02 + H2 

[0075] Since the CO modifying reaction of the shift 
layer 10 Is an exothermic reaction, as the reformed gas 
passes through the shift layer 10, its temperature in- 
creases. Meanwhile, the heating channel 48 is formed 
outside the shift layer 10. Thus, the temperature-In- 
creased refonmed gas is cooled to reach a temperature 
appropriate for the selective oxidation reaction. The re- 
formed gas released from the lower portion of the shift 
layer 1 0 is reversed in its direction at the lower end and 
enters the first mixing chamber 42. In the first mixing 
chamber 42, the reformed gas is mixed with air supplied 
through the first air supply port 32, and while passing 
through the inlet port 35, is further mixed by the orifice 
effect of the inlet port 35, so that a CO selective reaction 
is perfomried by the PROX catalyst layer of the first 
PROX layer 12. 

[0076] In the first PROX layer 1 2, the following reac- 
tion takes place: 



2C0 + 0, 



► 2COo 



[0077] When the reaction of the first PROX layer 12 
is ended, the gas flows into the second mixing chamber 
46 through the second inlet port 39 fomied in the cir- 
cumferential portion of the third cylinder 68, and is mixed 
with air supplied through the air supply port 30. While 
further passing through the second inlet port 39, the gas 
and air are further mixed by the orifice effect of the sec- 
ond inlet port 39, and the second CO selective reaction 
is performed by the PROX catalyst layer of the second 
PROX layer 13. 

[0078] While air for the CO selective oxidation reac- 
tion converts CO into CO2, it also oxidizes H2, undesir- 
ably consuming it. In order to minimize oxidation of H2, 
the first mixing. chamber 42 is provided at the preceding 
stage. A minimum necessary amount of oxygen is sup- 
plied to the refomned gas so as to cause CO oxidation 



reaction selectively while causing reaction at a plurality 
of stages, e.g.. in the first and second PROX layers 12 
and 13. 

[0079] Since the heating channel 48 is formed be- 
5 tween the shift layer 1 0 and PROX layer 1 2, at the start- 
up operation, the time taken until a temperature neces- 
sary for the reaction is obtained from the heat of the 
steam is shortened. 

10 (2) Stationary Operation 

[0080] When the temperatures of the respective re- 
acting portions reach a predetemnined temperature so 
the stationary state is reached, the respecth/e adjust- 

is ment vah^es (not shown) are gradually opened, and wa- 
ter and the raw material gas are supplied through the 
supply ports 20 and 26. Then, water is heated by the 
water heating channel 34, and is evaporated in the heat- 
ing channel 48 as it absorbs the reaction heat of the shift 

20 layer 10 and PROX layer 12. Therefore, the tempera- 
tures of the shift layer 10 and PROX layer 12 that un- 
dergo exothemnic reaction to Increase their tempera- 
tures are suppressed, and can be maintained at a pre- 
determined value by the heat of vaporization of water 

25 [0081] Since the refonning water is evaporated as it 
is heated by the heat of the shift layer 10 and PROX 
layer 1 2 in the heating chan nel 48, the fuel for the bumer 
18 can be reduced, so that the fuel necessary for gen- 
erating steam by heating can be economized. The raw 

30 material gas, together with the steam heated by the 
heating channel 48, enters the reforming catalyst layer 
8 through the pre-heat layer 51a. 
[0082] As described above, the interior of the pre-heat 
layer 51a has already been heated by the bumer 18, 

35 and the raw material gas and steam are further heated 
by the pre-heat layer 51 a. Thus, a pre-heater or the like 
need not be separately provided In order to increase the 
temperature of the raw material gas to a value neces- 
sary for the reforming catalyst layer 8, so the heat effi- 

40 ciency can be improved. Since the raw material gas is 
not supplied after It is heated to a high temperature in 
advance, the temperature near the inlet port of the pre- 
heat layer 51a, for example, the temperature of the out- 
let port of the flow path 50, can be decreased, and the 

45 shift layer 1 0 where a reaction is to take place at a tem- 
perature lower than the reactfon temperature of the re- 
fomilng catalyst layer 8 can communicate with the re- 
forming catalyst layer 8 through the second gas flow 
path 50. 

50 [0083] The raw material gas heated by the pre-heat 
layer 51a is subjected to the reforming reaction as it is 
further heated by the reforming catalyst layer 8, and 
flows out from the lower portion of the refonming catalyst 
layer 8. The refonned gas with a comparatively high 

55 temperature whteh has flowed out from the lower portion 
of the refonning catalyst layer 8 rises helically through 
the second gas flow path 50, and is cooled down as it 
perfomns unifomn heat exchange with the reforming cat- 
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alyst layer 8. In other words, while the reformed gas ris- 
es swirling through the second gas flow path 50, its heat 
is absorbed, and the temperature drops. 
[0084] Since the pre-heat layer 51 a is fomied at the 
preceding stage of the refonnlng catalyst iayer 8 and the 
inlet port of the pre-heat layer 51 a and the outlet port of 
the second gas flow path 50 are fonmed close to each 
other, the non-pre-heated raw material gas is introduced 
to the pre-heat layer 51 a, so that an increase in the tem- 
perature of the pre-heat layer 51 a and accordingly in the 
temperature of the outlet port of the second gas flow 
path 50 is suppressed. Thus, the shift layer 10 can be 
formed continuously for the first time. 
[0085] The refonmed gas cooled by the second gas 
flow path 50 down to a value surtable for the CO modi- 
fying reaction enters the shift layer 10 through its upper 
portion, and CO contained In the refonned gas is mod- 
ified into carbon dioxide. Although this reaction is an ex- 
othermic reaction, the refonmed gas is cooled, by heat 
exchange with the heating channel 48, down to a value 
suitable for the CO selective oxidation reaction, and 
then enters the subsequent PROX layer 12. At this 
stage, the refonned gas contains about 0.5% of CO. 
[0086] As described above, the insulator 53 is packed 
in the gap between the second gas flow path 50 and 
shift layer 1 0. The insulator 53 blocks heat of the second 
gas flow path 50. Thus, heat of the second gas flow path 
50 is not directly transfen-ed to heat the shift layer 10, 
and the temperature of the shift layer 1 0 can be held at 
the predetermined value. 

[0087] Furthermore, the heating channel 48 fomried 
around the shift layer 1 0 vaporizes the humid steam. 
This state is equivalent to integrally incorporating a boil- 
er in the reformer 2. Heat loss of the combusted exhaust 
gas by the burner 1 8 can be reduced, and the shift layer 
1 0 and first PROX layer 1 2 can be cooled by evaporation 
heat so that they can be suppressed to predetemnined 
temperatures. Therefore, the degree of conversion of 
CO can be increased in the shift layer 1 0, and a meth- 
anation reaction and inverse shift reaction, which are 
unpreferable side reactions, can be suppressed in the 
first PROX layer 12. Since the reaction heat and sensi- 
ble heat of the shift layer 1 0 and first PROX layer 1 2 can 
be absorbed in this manner, the heat efTictency can be 
Improved. 

[0088] When the shift layer 10, first PROX layer 12, 
and the like are to be cooled, combustion air, gas or liq- 
uid reforming water, raw material gas, or the like, or a 
combination of a plurality of members of them may be 
utilized as the cooling fluid. For example, when combus- 
tion air is to be supplied to the heating channel 48, the 
heating channel 48 may be used as the flow path exclu- 
sive f orthe combustion air, or the flow path of the heating 
channel 48 may be divided to flow combustion air. The 
reforming water, raw material gas, and the like may be 
introduced into the refonner 2 by fomning flow paths sep- 
arately from such combustion airflow path. 
[0089] In general, a suffbiently larger cooling ability 



can be obtained with liquid reforming water than with 
gas refonning water, so that the temperature can be de- 
creased arbitrarily. When the liquid modifying water is 
combined with the raw material gas, the cooling fluid tn- 

5 flow nozzle can serve also as the raw material gas inflow 
nozzle. Since the cooling fluid outflow nozzle Is not nec- 
essary, the arrangement can be simplified. When the 
amount of steam to be supplied into the heating channel 
48 is adjusted, the quantity of cooling heat in the heating 

to channel 48 can be changed, and the temperatures of 
the shift layer 1 0, first PROX layer 1 2, and the like which 
are important in the reaction can be held at predeter- 
mined values. 

[0090] The refonned gas released from the shift layer 

« 1 0 enters the first -and first mixing chambers 46 and 42 
where it is to be mixed with air from the air supply ports 
30 and 32. Since the reformed gas is mixed with air white 
passing through the first mixing chamber 42 and the like, 
it can be agitated sufficiently if a separate agitator orthe 

20 like is not provided, and enters the PROX catalyst layer 
as it is agitated. Therefore, unnecessary hydrogen loss 
caused by local occurrence of a high oxygen concen- 
tration can be prevented in the reaction of the PROX 
catafyst iayer. Since the diameter of the inlet port 35 and 

25 the like can be ari^itrarily set, the refonned gas can be 
agitated sufficiently, so that hydrogen loss caused by ex- 
cessive air can be suppressed. 
[0091] After the reaction of the refonned gas by the 
second-stage second PROX layer 13 is ended, the re- 

30 fomed gas is taken out from the refonned gas outlet 
port 28 as a gas containing, e.g., 75% of hydrogen, 5% 
of methane, 1 9% of carbon dioxide, 1 % of nitrogen, and 
1 0 ppm or less of carbon monoxide. Since the reformed 
gas has a concentration of carbon monoxide of 1 0 ppm 

^ or less in this manner, it can be supplied to a solid-state 
polymer type fuel cell, so that it can be used as a fuel 
gas for the solid-state polymer type fuel cell. 
[0092] Since the refonned gas passing through the 
shift layer 10 reliably merges with air, and since the inlet 

^0 port 35 and the like are fonned at only one portion, when 
the refonned gas passes through the inlet port 35 and 
the like, it is mixed with air very well. Since the reformed 
gas is agitated with air sufficiently in this manner and Is 
introduced to the first PROX layer 12 and the like, the 

45 selective oxidation reaction is perfonned efTiciently, and 
the consumption amount of hydrogen in the selective 
oxidation reaction can be minimized, so that the CO con- 
centration can be decreased to a predetennined value 
or less. 

50 [0093] In the above example, the shift layer 10 (sec- 
ond shift layer) is provided under the first PROX layer 
1 2. However, the shift layer 1 0 need not be provided un- 
der the first PROX layer 1 2. The discharge ports 33 and 
the like are f om^ at eight portions almost equldistantly 

ss in the circumferential direction, and the inlet port 35 and 
the like are formed at one portion. However, the present 
invention is not limited to this an'angement, and a plu- 
rality of inlet ports may be formed when necessary. 
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[0094] Furthermore, the fins 9, round rods 81 , and the 
like need not be continuous in the longitudinal direction 
of the reformer 2. If the fins 9, round rods 81 , and the 
like are appropriately divided into a plurality of groups, 
the thermal stress can be coped with better. 



Clainis 

1 . A single-pipe cylinder type refonmer including a plu- 
rality of circular cylinders standing upright coaxially, 
a radiation cylinder coaxially arranged inside the 
plurality of circular cylinders, and a bumer arranged 
at one end of a center of the radiation cylinder, and 
having a refonning catalyst layer obtained by pack- 
ing with a reforming catalyst at least a first gas flow 
path closest to the bumer among a plurality of gas 
flow paths divided by the plurality of circular cylin- 
ders and having annular cross-sections, wherein 
the single-pipe cylinder type reformer comprises a 
pre-heat layer packed with a metal packing at one 
end (upstream) of the reforming catalyst layer 
packed with the refonning catalyst. 

2. A refonmer according to claim 1 , wherein helical di- 
viding means extending in an axial direction of the 
circular cylinders is provided in the first gas flow 
path so that a gas helically flows through the pre- 
heat layer and the refonntng catalyst layer. 

3. A reformer according to claim 2, wherein the helical 
dividing means is comprised of a plurality of helical 
fins or a plurality of helical round rods that divide the 
gas flow paths into sectors in cross-sections there- 
of. 

4. A single-pipe cylinder type reformer including a plu- 
rality of circular cylinders standing upright coaxially, 
a radiation cylinder coaxially an-anged inside the 
plurality of circular cylinders, and a burner arranged 
at one end of a center of the radiation cylinder, and 
having a reforming catalyst layer obtained by pack- 
ing with a reforming catalyst at least a first gas flow 
path closest to the burner among a plurality of gas 
flow paths divided by the plurality of circular cylin- 
ders and having annular cross-sections, wherein 
the single-pipe cylinder type reformer comprises 
helical dividing means extending in the first gas flow 
path in an axial direction of the circular cylinders, 
for helically dividing a gas and making it flow 
through the first gas flow path. 

5. A refomrter according to claim 4. wherein the heik^I 
dividing means is comprised of a plurality of helical 
fins or a plurality of helical round rods that divide the 
first gas flow path into sectors in a cross-section 
thereof. 



6. A reformer according to claim 4, comprising a pre- 
heat layer packed with a metal packing at one end 
(upstream) of the refonning catalyst layer. 

5 7. A refomner according to claim 1 , further comprising 
a second gas flow path with an annular cross-sec- 
tion, the second gas flow path being formed outside 
the reforming catalyst layer packed with the reform- 
ing catalyst, communicating with the refonning cat- 
to alyst layer with one end-side inlet port thereof, and 
allowing a gas to flow in a direction opposite to that 
of a gas flow in the first gas flow path, wherein the 
other end-side outlet port of the second gas flow 
path is an'anged on an outer peripheral side near 
IS an inlet port of the pre-heat layer, and helical dlvkl- 
ing means extending in an axial direction of the cir- 
cular cylinders is fomied in the second gas flow 
path, to helically divide a gas so as to flow through 
the second gas flow path. 

20 

8. A reformer according to claim 7, wherein helical di- 
viding means extending in an axial direction of the 
circular cylinders iis provided in the first gas flow 
path so that a gas helically flows through the pre- 

25 heat layer and the refoiming catalyst layer. 

9. A refonner according to claim 8, wherein the divid- 
ing means formed in the first gas flow path is com- 
prised of a plurality of helical fins or a plurality of 

30 helical round rods that divide the first gas flow path 
into sectors in a cross-section thereof. 

10. A refomner according to claim 7, wherein the dhn'd- 
ing means formed in the second gas flow path is 

35 comprised of a plurality of helbal round rods that 
divide the second gas fk>w path into sectors in a 
cross-section thereof. 

11 . A refonner according to claim 4, further comprising 
40 a second gas flow path with an annular cross-sec- 
tion, the second gas flow path being formed around 
the reforming catalyst layer packed with the refonn- 
ing catalyst, communicating with the reforming cat- 
alyst layer with one end-side inlet port thereof, and 

4S allowing a gas to flow in a direction opposite to that 
a gas flow in the first gas flow path, wherein the oth- 
er end-side outlet port of the second gas flow path 
is arranged on an outer side near an inlet port of the 
pre-heat layer, and helical dividing means, extend- 

so ing in an axial direction of the circular cylinders is 
fonned in the second gas flow-path, for helically di- 
viding a gas and making it flow through the second 
gas flow path. 

S5 1 2. A reformer according to claim 1 1 , wherein the dh/id- 
ing means fomied in the first gas flow path is com- 
prised of a plurality of helical fins or a plurality of 
helical round rods that dhride the first gas flow path 
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into sectors in a cross-section thereof. 

13. A reformer acx:ordlng to claim 1 1 , comprising a pre- 
heat layer packed with a metal packing at one end 
(upstream) of the reforming catalyst layer. 5 

1 4. A reformer according to claim 1 1 , wherein the divid- 
ing means formed in the second gas flow path is 
comprised of a plurality of helical round rods that 
divide the second gas flow path into sectors- In a io 
cross-section thereof. 

15. A reformer according to claim 1 , further comprising 

a second gas flow path with an annular cross- is 
section, the second gas flow path being fonmed 
around the refonming catalyst layer packed with 
the refonnlng catalyst, communicating with the 
reforming catalyst layer with one end-side inlet 
port thereof, and allowing a gas to flow In a dl- 20 
rection opposite to that of a gas flow in the first 
gas flow path having the pre-heat layer, 
a third gas flow path with an annular cross-sec- 
tion, the third gas flow path being fornied 
around the second gas flow path, communicat- 2S 
ing with the other end-side outlet port of the 
second gas flow path with one end-side inlet 
port thereof, allowing a gas to flow in a direction 
opposite to that of a gas flow In the second gas 
flow path» and being provided with dividing so 
means and a CO modifying catalyst layer there- 
in, 

a fourth gas flow path with an annular cross- 
section, the fourth gas flow path being formed 
around the third gas flow path, communicating 35 
with the other end-side outlet port of the third 
gas flow path with one end-side inlet port there- 
of, allowing a gas to flow in a direction opposite 
to that of a gas flow in the third gas flow path, 
and being provided with a CO selective oxida- 40 
tlon catalyst layer therein, and 
a heating channel which serves as a raw ma- 
terial gas flow path formed between the third 
and fourth gas flow paths, has an inlet port at 
one end side thereof, and allows a raw material 
gas in the fourth gas flow path to flow In a di- 
rection opposite to that of a gas flow In the 
fourth gas flow path and to reverse near one 
end of the fourth gas flow path, and allows the 
raw material gas In the third gas flow path to so 
flow in the same direction as that of a gas flow 
in the fourth gas flow path. 

16. A reformer according to claim 15, wherein helical 
dh^iding means extending in an axial direction of the ss 
circular cylinders Is provided in the first gas flow 
path so that a gas helically flows through the pre- 
heat layer and the refonming catafyst layer. 



17. A reformer according to claim 1 6, wherein the divid- 
ing means formed In the first gas flow path is com- 
prised of a plurality of helical fins or a plurality of 
hellcat round rods that dhrlde the first gas flow path 
into sectors in a cross-section thereof. 

1 8. A reformer according to claim 1 5 , wherein the dwid- 
ing means formed in the second gas flow path is 
comprised of a plurality of helical round rods that 
divide the second gas flow path into sectors in a 
cross-section thereof. 

19. A reformer according to claim 15, wherein the divid- 
ing means fomned in the third gas flow path is com- 
prised of a plurality of fins fixed to an Inner circular 
cylinder that forms the third gas flow path, so as to 
divide the third gas flow path into sectors in a cross- 
section thereof. 

20. A refomier according to claim 4, further comprising 

a second gas flow path with an annular cross- 
section, the second gas flow path being fomned 
around the refonming catalyst layer packed with 
the reforming catalyst, communbating with the 
reforming catalyst layer with one end-side inlet 
port thereof, and allowing a gas to flow in a di- 
rection opposite to that of a gas flow in the first 
gas flow path having the dividing means, 
a third gas flow path with an annular cross-sec- 
tion, the third gas flow path being fonmed 
around the second gas flow path, communicat- 
ing with the other end-side outlet port of the 
second gas flow path with one end-side inlet 
port thereof, allowing a gas to flow In a direction 
opposite to that of a gas flow in the second gas 
flow path, and being provided with dividing 
means and a CO modifying catalyst layerthere- 
in, 

a fourth gas flow path with an annular cross- 
section, the fourth gas flow path being formed 
around the third gas flow path, commun bating 
with the other end-side outlet port of the third 
gasfkM path with one end-side inlet port there- 
of, allowing a gas to flow in a direction opposite 
to that of a gas flow in the third gas flow path, 
and being provided with a CO selective oxida- 
tion catalyst layer therein, and 
a heating channel which serves as a raw ma- 
terial gas flow path formed between the third 
and fourth gas flow paths, has an inlet port at 
one end side thereof, and allows a raw material 
gas in the fourth gas fk>w path to flow in a di- 
rection opposite to that of a gas flow in the 
fourth gas flow path and to reverse near one 
end of the fourth gas flow path, and allows the 
raw material gas In the third gas fbw path to 
flow in the same direction as that of a gas flow 
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In the fourth gas flow path. 

21 . A reformer according to claim 20, wherein the divid- 
ing means formed in the first gas flow path Is com- 
prised of a plurality of helical fins or a plurality of s 
helical round rods that divide the first gas flow path 
Into sectors in a cross-section thereof. 

22. A reformer according to claim 20, comprising a pre- 
heat layer paclced with a metai packing at one end io 
(upstream) of the reforming catalyst layer. 

23. A reformer according to claim 20, wherein the divid- 
ing means fonned in the second gas flow path is 
comprised of a plurality of helical round rods that « 
divide the second gas flow path into sectors in a 
cross-section thereof. 

24. A reformer according to claim 20, wherein the divid- 
ing means fonned in the third gas flow path is com- 20 
prised of a plurality of helical fins fixed to an Inner 
circular cylinder that fomis the third gas flow path, 

so as to divide the third gas flow path into sectors 
in a cross-section thereof. 

25 

25. A reformer according to claim 1 , further comprising 

a second gas flow path with an annular cross- 
section, the second gas flow path being formed 
around the reforming catalyst layer packed with so 
the reforming catalyst, communicating with the 
reforming catalyst layer with one end-side inlet 
port thereof, and allowing a gas to flow In a di- 
rection opposite to that of a gas flow in the first 
gas flow path, 35 
a third gas flow path with an annular cross-sec- 
tion, the third gas flow path being formed 
around the second gas flow path, communicat- 
ing with the other end-side outlet port of the 
second gas flow path with one end-side inlet 40 
port thereof, allowing a gas to flow in a direction 
opposite to that of a gas flow in the second gas 
flow path, and being provided with a CO modi- 
fying catalyst layer therein, 
a fourth gas flow path with an annular cross- 45 
section, the fourth gas flow path being fomied 
around the third gas flow path, communicating 
with the other end-side outlet port of the third 
gas flow path with one end-side inlet port there- 
of , allowing a gas to flow in a direction opposite so 
to that of a gas flow in the third gas flow path, 
and being provided with a CO selective oxida- 
tion catalyst layer therein, 
a heating channel which serves as a raw ma- 
terial gas flow path fomied between the third ss 
and fourth gas flow paths, has an inlet port at 
one end side thereof, and allows a raw material 
gas In the fourth gas flow path to flow in a di- 



rection opposite to that of a gas flow In the 
fourth gas flow path and to reverse near one 
end of the fourth gas flow path, and allows the 
raw material gas in the third gas flow path to 
flow in the same direction as that of a gas flow 
In the fourth gas flow path, 
an annular mixing chamber to be connected to 
an air supply pipe on an upstream side of the 
fourth gas flow path, 

a discharge port for guiding to the mixing cham- 
ber the gas that flows into the fourth gas flow 
path, 

an annular inflow chamber Into which a re- 
formed gas mixed with air flows through one in- 
let port so as to be guided to a starting terminal 
of the CO selective oxidation catalyst layer, and 
an inflow port for albwing the Inflow chamber 
and the starting tenninal of the CO selective ox- 
idation catalyst layerto communicate with each 
other, wherein 

axial lengths of the third and fourth gas flow 
paths are shorter than those of the first and sec- 
ond gas flow paths, and a second CO modifying 
catalyst layer is fomned on an upstream side of 
the fourth gas flow path. 

26. A refonner according to claim 25, wherein helical 
dividing means extending in an axial direction of the 
circular cylinders is provided in the first gas fiow 
path so that a gas helically flows through the pre- 
heat layer and the reforming catalyst layer. 

27. A refonner according to claim 26, wherein the divkJ- 
ing means fonned in the first gas flow path is com- 
prised of a plurality of helteal fins or a plurality of 
helical round rods that divide the first gas flow path 
into sectors in a cross-section thereof. 

28. A reformer according to claim 25, wherein the divid- 
ing means fonned in the second gas flow path is 
comprised of a plurality of helical round rods that 
divide the second gas flow path Into sectors in a 
cross-section thereof. 

29. A refonner according to claim 25, wherein a plurality 
of hetkal fins fixed to an inner circular cylinder that 
forms the third gas flow path are provided in the third 
gas flow path so as to divide the third gas flow path 
into sectors in a cross-section thereof. 

30. A reformer according to claim 25, wherein an outer 
circumferential wall of the CO selective oxidation 
catalyst layer is fonned inside an outer circumfer- 
ential wall of the fourth gas flow path, and a space 
formed between the outer circumferential wall of the 
fourth gas fk>w path and the outer circumferential 
wall of the CO selecthre oxidation catalyst layer and 
divided from the mixing chamber serves as a cool- 
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ing flow path where a cooling fluid flows. 

31 . A reformer according to clainn 30, wherein a dividing 
member Is provided In the cooling flow path to divide 
the cooling flow path helically. s 

32. A refonner according to claim 30, wherein the cool- 
ing fluid to be supplied into the cooling flow path is 
supplied to flow in a direction opposite to a flowing 
direction of a gas to be supplied into the CO selec- io 
tive oxidation catalyst layer. 

33. A reformer according to claim 30, wherein combus- 
tion air to be combusted by the burner is used as 

the cooling fluid. is 

34. A refonnner according to claim 30, wherein an OFF 
gas discharged from a fuel pole of a fuel cell is used 
as the cooling fluid. 

20 

35. A reformer according to claim 4, further comprising 

a second gas flow path with an annular cross- 
section, the second gas flow path being fonned 
around the reforming catalyst layer packed with 25 
the refonning catalyst, communicating with the 
refonming catalyst layer with one end-side inlet 
port thereof, and allowing a gas to flow in a di- 
rection opposite to that of a gas flow in the first 
gas flow path, 30 
a third gas-flow path with an annular cross-sec- 
tion, the third gas flow path being formed 
around the second gas flow path, communicat- 
ing with the other end-side outlet port of the 
second gas flow path with one end-side inlet 35 
port thereof, allowing a gas to flow In a direction 
opposite to that of a gas flow in the second gas 
flow path, and being provided with a CO modi- 
fying catalyst layer therein, 
a fourth gas flow path with an annular cross- 40 
section, the fourth gas flow path being fomied 
around the third gas flow path, communicating 
with the other end-side outlet port of the third 
gas flow path with one end-side inlet port there- 
of, allowing a gas to flow in a direction opposite 45 
to that of a gas flow in the third gas flow path, 
and being provided with a CO selecth/e oxida- 
tion catalyst layer therein, 
a heating channel whbh serves as a raw ma- 
terial gas flow path fomied between the third so 
and fourth gas flow paths, has an tnlet port at 
one end side thereof, and allows a raw material 
gas in the fourth gas flow path to flow in a di- 
rection opposite to that of a gas flow in the 
fourth gas flow path and to reverse near one S5 
end of the fourth gas flow path, and allows the 
raw material gas In the third gas flow path to 
flow in the same direction as that of a gas flow 



in the fourth gas flow path, 
an annular mixing chamber to be connected to 
an air supply pipe on an upstream side of the 
fourth gas flow path, 

a discharge port for guiding to the mixing cham- 
ber the gas that flows into the fourth gas flow 
path, 

an annular inflow chamber Into which a re- 
formed gas mixed with air flows through one in- 
let port so as to be guided to a starting temilnal 
of the CO selective oxidation catalyst layer, and 
an Inflow port for allowing the inflow chamber 
and the starting temiinal of the CO selective ox- 
idation catalyst layer to communicate with each 
other, wherein 

axial lengths of the third and fourth gas flow 
paths are shorterthan those of the first and sec- 
ond gas flow paths, and a second CO modifying 
catalyst layer is formed on an upstream side of 
the fourth gas flow path. 

36. A reformer according to claim 35, wherein the divid- 
ing means fonned in the first gas flow path is com- 
prised of a plurality of helical fins or a plurality of 
helical round rods that divide the first gas flow path 
into sectors in a cross-section thereof. 

37. A refonner according to claim 35, comprising a pre- 
heat layer packed with a metal packing at one end 
(upstream) of the reforming catalyst layer. 

38. A refonner according to claim 35, wherein the divid- 
ing means fonned in the second gas flow path is 
comprised of a plurality of helteal round rods that 
divide the second gas flow path into sectors in a 
cross-section thereof. 

39. A refomner according to claim 35, wherein a plurality 
of helical fins fixed to an inner circular cylinder that 
fonns the third gas flow path are provided in the third 
gas flow path so as to divide the third gas flow path 
into sectors in a cross-section thereof. 

40. A reformer according to claim 35, wherein an outer 
drcumferentiai wall of the CO selective oxidation 
catalyst layer is fonned inside an outer circumfer- 
ential wall of the fourth gas flow path, and a space 
formed between the outer circumferential wall of the 
fourth gas flow path and the outer circumferential 
wall of the CO selective oxidation catalyst layer and 
divided from the mixing chamber serves as a cool- 
ing flow path where a cooling fluid flows. 

41 . A refonner according to claim 40, wherein a dividing 
member is provided in the cooling flow path to divide 
the cooling flow path helically. 

42. A refonner according to claim 40, wherein the cool- 
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ing fluid to be supplied Into the cooling flow path Is 
supplied to flow In a direction opposfte to a flowing 
direction of a gas to be supplied Into the CO selec- 
tive oxidation catalyst layer. 

5 

43. A reformer according to claim 40, wherein combus- 
tion air to be combusted by the burner is used as 
the cooling fluid. 

44. A reformer according to claim 35, wherein an OFF io 
gas discharged from a fuel pole of a fuel cell is used 

as the cooling fluid. 
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FIG. 2 
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